Using data from the Large Area X-ray Proportional Counter (LAXPC) on the AstroSat satellite, we observed the Type-1 thermonuclear X-ray bursts from the Low Mass X-ray Binary Neutron Star 4U 1323-62. The observations of 4U 1323-62 were carried out during the performance verification phase of the AstroSat satellite showed six thermonuclear X-ray bursts in a total effective exposure of ∼ 49.5 ks for about two consecutive days. Recurrence time of the detected thermonuclear bursts is in accordance with the orbital period of the source ∼ 9400 seconds. Moreover, the light curve of 4U 1323-62 revealed the presence of two dips. We presented the results from time-resolved spectroscopy performed during all of the six X-ray bursts and also report the detection of a known low frequency Quasi-periodic oscillation (LFQPO) at ∼ 1 Hz, from the source. However, any evidence of kilohertz QPO was not found. We have shown the burst profile at different energy ranges. Assuming a distance of 10 kpc, we observed a mean flux ∼ 1.8 × 10 −9 erg cm 2 s −1 . The radius of the blackbody is found to be highly consistent with the blackbody temperature and the blackbody flux of the bursts.
INTRODUCTION
Low mass X-ray binaries (LMXBs) are the system in which the compact object neutron star (NS) or a black hole (BH) accretes matter from the companion star via the Roche lobe overflow (Hasinger & van der Klis 1989; Urpin et al. 1998; van der Klis 2006; Reig 2011; Belloni & Stella 2014; Motta 2016; Chauhan et al. 2017; Bhulla et al. 2019) . In LMXBs number of periodic and quasi-periodic oscillations (QPOs) have been observed (Méndez & van der Klis 1999; van der Klis 2000; Méndez 2000; Méndez et al. 2001 ; Barret et al. 2005) . These QPOs are attributed to the instabilities in the accretion disk. (Homan et al. 2005; Ingram & Done 2011; Scaringi 2015) . LMXBs span a broad range of luminosities from ∼ 10 36 to a few 10 38 erg s −1 (Church et al. 2014; Wang 2016) . The weakly magnetized and luminous NS LMXBs are classified into Z and atoll sources based on their color-color diagram (CCD) and hardness intensity diagram (HID) (Hasinger & van der Klis 1989; Mondal et al. 2018) .
It has been observed in some of the neutron star sources that the X-ray luminosity increases by a factor of ∼ 10 in about a few seconds, approaching Eddington luminosity L EDD = ∼ 10 38 ergs s −1 band then fades with a timescale of ∼ 10 seconds. This phenomenon is known as thermonuclear type-I X-ray bursts (Strohmayer & Bildsten 2006; Galloway et al. 2008 ). The first type-I X-ray burst was discovered in the 1970s. The Multi-INstrument Burst ARchive (MINBAR) 1 is a database containing the analysis of more than 7000 type-I thermonuclear X-ray bursts from 84 burst sources, that are observed by the different X-rays observatories BeppoSAX, Rossi X-ray Timing Explorer (RXTE), INTEGRAL. Type-I Xray bursts are flashes due to the unstable thermonuclear burning of accreted and accumulated material on a neutron star (Grindlay et al. 1976; Belian et al. 1976; Bildsten 1998; Strohmayer & Bildsten 2006; Galloway & Keek 2017a; Beri et al. 2018) . This ignition condition is caused due to hydrogen and/or helium enrich component supplied by a companion star to proceed with the burning (Hansen & van Horn 1975; Woosley & Taam 1976; Maraschi & Cavaliere 1977; Lamb & Lamb 1978; Lewin et al. 1993; Strohmayer & Bildsten 2006) . Bursts generally appear as a short transient event where the X-ray intensity increases rapidly on a time scale of few seconds, and decays in an exponential trend back to the pre-burst level. The decay time is always more than the rise time, and the duration of thermonuclear burst range from a few seconds to half an hour. The time interval of burst-to-burst events is typically in the order of hours to days. The time interval is supposed to accumulate enough fuel to generate another burst. After the X-ray eruptions, luminosity recedes to its pre-burst stage (Lewin & van den Heuvel 1984; Tawara et al. 1984) .
Thermonuclear X-ray bursts have been studied with the Rossi X-ray Timing Explorer/Proportional Counter Array (RXTE/PCA) (Galloway et al. , 2004 . The shortest recurrence time for neutron star 4U 1636-536 is ∼ 5.4 minutes reported by Linares et al. (2009) by using RXTE/PCA observations. Keek et al. (2010) observed the shortest recurrence time from 4U 1705-44 to be ∼ 3.8 minutes. MINBAR locate the 61 X-ray burst sources by RXTE/PCA, 56 burst sources by BeppoSAX and INTEGRAL observed the 62 X-ray burst sources.
The energy spectra of thermonuclear bursts consist of emissions from the neutron star surface or boundary layer (Hanawa 1989; Popham & Sunyaev 2001; Gilfanov et al. 2003a) . Thermonuclear bursts can occur in two different spectral states, namely low/hard (island state) and high/soft (banana state) spectral states in the color-color diagram. The characteristic of the thermonuclear bursts is unique in both states. (Galloway et al. 2008) . The different spectral states are thought to originate from a different accretion process. The thermal instability triggers the viscous instability, as the temperature increases, the mass accretion rate also increases (Done et al. 2007 ). During the rising part of the burst, observed energy spectra are generally hard, whereas the spectrum becomes soft during the decay phase of the thermonuclear burst (Zhang et al. 2011; Degenaar et al. 2018 ). In the high/soft state, disk approaches to the neutron star surface and terminate the emission from the boundary layer (Mitsuda et al. 1984; Gilfanov et al. 2003b ). The disk is assumed to be geometrically thin and optically thick, while close to the central object. However, in low/hard state, the innermost accretion occurs through an optically thin along with the truncated disk and the emission from the source may originate from the hot corona (Ubertini et al. 1999; Done et al. 2007; Degenaar et al. 2016; Galloway & Keek 2017b; Bhattacharyya et al. 2018) .
The energy spectrum of the thermonuclear burst sources is well-fit by a sum of blackbody components with interstellar absorption and a thermal Comptonization model. The blackbody component originates due to the emission from the innermost part of the accretion disk and the NS surface (Swank et al. 1977; Keek et al. 2014a; Degenaar et al. 2016; Galloway & Keek 2017a ). The measured blackbody temperature of X-ray bursts kT bb ≈ 1-3 keV that evolves with time (Done et al. 2007; Galloway & Keek 2017b ). Moreover, several recent studies described the absorption and emission features observed during the X-ray bursts that might indicate to a mass point outflow or change in the accretion disk (Ballantyne & Strohmayer 2004; Ballantyne & Everett 2005; Keek et al. 2014b; Galloway & Keek 2017a) . The luminosity and exposure of a burst depend on the mass accretion rate and chemical composition of the accreted material. At the peak, the burst emission may exceed the Eddington limit L Edd ≈ 2 × 10 38 erg s −1 (Lewin et al. 1993) . During the expansion phase of the burst, the luminosity may reach or exceed the Eddington limit locally at the surface resulting in photospheric expansion. The photosphere regains its original size after the thermonuclear burning (rp-process) of H/He mixture ceases, and finally, the star cools down to roughly constant radius (Lewin et al. 1993; Ballantyne & Strohmayer 2004; Boutloukos et al. 2010; Degenaar et al. 2016; Galloway & Keek 2017b) .
4U 1323-62 is a faint LMXB source, which was first detected by UHURU and Ariel V (Forman et al. 1978; Warwick et al. 1981) . The source exhibits regular thermonuclear type-1 X-ray bursts, and Table 1 The observations logs of 4U 1323-62 data by different instruments detect the orbit period. Symbol * represent the detection of one doublet and * * represent the two doublets observed in the light curve. periodic intensity dips were first discovered by the "EXOSAT" observations from February 11-13, 1985 11-13, (van der Klis et al. 1985 Parmar et al. 1989; Gambino et al. 2016) . MINBAR is used to locate the RXTE/PCA observations of 4U 1323-62 that shows 40 bursts with a recurrence time of 2.45-2.59 hr. From the characteristics of the bursts, it was constrained the distance of the source is 10 -20 kpc (Parmar et al. 1989 ). Frank (1987) suggested that the existence of periodic dips indicates the presence of high inclination angle ∠i = 60 • -80 • , where ∠i is the angle between the line of sight and the rotation axis of the accretion disk. The source is located at 0.5 • above the galactic plane and shows a prominent dust halo Barnard et al. (2001) . The well defined spectrum of this source was described by the BeppoSAX and RXTE/PCA observations (Bałucińska- Church et al. 1999 Church et al. , 2009 ). In RXTE/PCA observation, the author reports the presence of a Fe emission feature on a 6.43 keV with width 1.1 keV. In April 1997, a QPO was discovered at ∼ 1 Hz (Balman 2010). The QPO was detected in this source during the bursts, the dips, and as well as during the persistent emission Homan et al. 1999) . In this work, we present the detailed temporal and spectral study of the six thermonuclear bursts and two dips observed during AstroSat/LAXPC observation 1. We have studied energy dependent burst profiles and time resolved spectroscopy of the source. 
OBSERVATIONS AND DATA REDUCTION
AstroSat is the first Indian multiwavelength space astronomy observatory launched on September 28, 2015. There are five instruments (Scanning Sky Monitor (SSM), Soft X-ray Telescope (SXT), Large Area X-ray Proportional Counter (LAXPC), Cadmium Zinc Telluride Imager (CZTI), Ultraviolet Imaging Telescope (UVIT)) onboard AstroSat which cover a wide energy range (Agrawal 2006; Paul 2013; Yadav et al. 2016b; Roy et al. 2016) . Large Area X-ray Proportional Counter (LAXPC) is one of the major instrument onboard AstroSat Satellite. LAXPC instrument is providing high time resolution X-ray data in a 3-80 keV energy range. AstroSat consist a set of three co-aligned identical LAXPC detector to provide total effective area of ∼ 6000 cm 2 at 15 keV ). The three LAXPC units is named as LAXPC-10, LAXPC-20, LAXPC-30. The energy resolution of LAXPC units are 20% and 10% respectively at 6 and 60 keV, respectively (Yadav et al. 2016a ). LAXPCs are a multi-anode and multi-layer configuration having a field of view of about 1 • × 1 • . Each LAXPC unit has five layers consists of 12 detector cells. Each LAXPCs independently observes the source (Yadav et al. 2016b; Agrawal et al. 2017; Antia et al. 2017) .
LAXPCs collect the data in two different modes: Event Analysis mode (modeEA) and Broad Band Counting (modeBB). Event mode data give information about the energy of each photon and its arrival time at 10 micro-sec accuracies. We have used event analysis mode modeEA data for generating the light curves, power density spectrum (PDS) and energy spectrum of the source. Due to the wide energy range and large photon collecting area, AstroSat, efficiently observes the thermonuclear X-ray burst sources. 
DATA ANALYSIS AND RESULTS
The data are analyzed using the individual routine LaxpcSoft 3 to obtain background subtracted light curves and energy spectra . The commands are used to extract the light curve, and the spectral file is 'laxpc − make − lightcurve ′ and 'laxpc − make − spectra ′ . The background files for light curve and spectra are extracted by using the commands 'laxpc − make − backlightcurve ′ and 'laxpc − make − backspectra ′ . The data analysis was done by the HEASOFT 6.19 4 , which consists mainly of FTOOLS 5 , XORONOS and XSPEC (Arnaud 1996; Noble & Nowak 2008) . We observed that the thermonuclear bursts and dips in the lightcurve are present in both LAXPC units (LAXPC 10 and 20), as shown in figure 2 . For generating the light curves and spectral analysis, we used data only from the top layer of LAXPC-10 and LAXPC-20. The top layer of the LAXPC detector absorbs 90% of the X-ray photons below 20 keV (Roy et al. 2016 ). We have not used the data of LAXPC-30 for this work due to gain instability caused by gas leakage, as suggested by Antia et al. (2017) .
The results of previously reported thermonuclear bursts and dips observed from the source from various missions are presented in Fig. 3 The figures show the bursts and dips in 3-20 keV energy range using LAXPC-10 (black) and LAXPC-20 (green) observations in 1 second binned light curve.
both of LAXPC detector, as shown in figure 3 and 4 respectively, where the horizontal and vertical lines indicate the rise (t') and decay (t") time of the bursts.
Light curves
We used the orbit binned light curve of MAXI 6 transient monitor in the soft energy band (3-20 keV) and the Swift/BAT transient Monitor (Krimm et al. 2013) LAXPC-10 and LAXPC-20 observations of 4U 1323-62 show the light curve in 3-20 keV energy range binned with a bin size of 1 second. In light curve data, gaps and thermonuclear X-ray bursts are detected. During the 100 ks observation of AstroSat/LAXPC observation of the source, six thermonuclear bursts are observed, as shown in Figure 2 . We have used nomenclature of B1, B2, B3, B4, B5, and B6 to indicate the thermonuclear bursts in the LAXPC 10 lightcurve and B1', B2', B3', B4', B5' and B6' in the LAXPC 20 lightcurve respectively. We observed that there is a gap between the successive bursts, B3 and B4, and the bursts B5 to B6 are twice the wait time observed during the consecutive bursts B1 and B2. These missed bursts are attributed to data gaps. The data gaps, during the occurrence of bursts, are due to the position of the satellite on the South Atlantic Anomaly (SAA) region.
Each burst has an exposure time (rising and decay time) between 75-100 sec and a high peak count rate of ≈ 380 count/sec, as shown in the light curve (Figure 3 ). In Table 2 , the burst rising and decay time interval, exposure of each burst, wait time, and the peak count rate have been tabulated. In figure 4 prominent dips have been shown in 3-20 keV energy range using observations of both LAXPCs unit (LAXPC 10 and LAXPC 20).
Energy-Resolved Burst Profiles
To probe the thermonuclear X-ray burst in different energy bands, we generated 1sec binned light curves from LAXPC 10 and 20 during an X-ray burst in six different narrow energy bands: 3-6.2 keV, 6.2-9 keV, 9-12 keV, 12-16 keV, 16-20 keV, and 20-80 keV. The light curves were generated from only the top layer of LAXPC 10 and LAXPC 20. Figure 5 shows the energy-resolved light curve of the fifth burst (B5) seen in the observation of 4U 1323-62. The energy dependent thermonuclear burst profile clearly showed that the decay time decreases with the increase in energy. As per table 3, the maximum intensity is accumulated at a low energy range (3-6.2 keV). For the soft energy region, the rising time is relatively shortest. However, the energy range from 16-20 keV the peak intensity is lowest, and the rising time took maximum time to reach a peak intensity level, and in 20-80 keV energy range, the thermonuclear burst is absent. It may be inferred from the figure 5 and table 3, that 4U 1323-62 was observed in a soft spectral state during the AstroSat/LAXPC observations.
We measured the energy dependence of the burst duration in all the six X-ray bursts. We found that there was a gradual decay in the intensity with an increase in energy. The rising and decay time of all the bursts have been tabulated in Table 2 .
Power Density Spectra
In the persistent emission, PDS was computed in the 3-20 keV energy band. The light curve extracted from LAXPC-10 and 20 was used to generate PDS using the 'FTOOLS' task "Powspec". The Poissonian noise level is subtracted from each power spectra. PDS was Leahy normalized ((rms/mean) 2 /Hz), such that the integration of the power spectra gave the fractional root mean square (r.m.s) variation.
A clear QPO was detected in the power spectra during the bursts. The QPO was fitted using a Lorentzian model. We have observed the low frequency QPO ∼ 1 Hz, which was reported by Balman (2010) using RXTE/PCA data. To detect the LFQPO, we used a light curve binned with a bin size of 0.01 sec. The light curve was divided into each segment with 2048 bins. Figure 6 shows the QPO detected during the thermonuclear burst. The observed ∼ 3 sigma significant QPO frequency is 0.97 Hz. The r.m.s of the QPO = 6.7%, and the quality factor is ∼ 18. Jonker et al. (1999) previously discovered a low frequency 0.77-0.87 Hz QPO from the source 4U 1323-62 using RXTE/PCA data. The amplitude of the QPO detected from the source was found to be constant during the persistent emission, X-ray dips during the type-1 X-ray thermonuclear bursts .
Energy Spectra : Time resolved spectroscopy
Spectral fitting for individual X-ray bursts was carried out. To investigate the spectral evolution during X-ray bursts, we performed time-resolved spectroscopy of each type-1 thermonuclear bursts. Therefore Fig. 7 The energy spectra of the six thermonuclear X-ray bursts observed by LAXPC 10 in the 3-20 keV energy range is shown in this figure. the bursts data were divided into segments of 10 seconds intervals. Each burst has 8-12 segments. These 10s data segments during each burst are used to reveal the evolution of the blackbody component in energy spectra. For each burst excepts the second burst (B2), we extracted the spectra for 10 seconds of data preceding the bursts. In the burst B2, we have extracted the spectra from data after the burst decayed completely to the persistent levels. There was no difference in the distributions of best-fitting persistent models between the pre-and post-bursts. The spectra extracted from persistent emission was used to subtract for all bursts segments as the background.
The contribution from the persistent emission spectrum component is excluded from studying the variation of the neutron star radii and flux during the burst. Decoupling the burst component of the spectrum from the persistent part was difficult, as the various components were usually spectrally degenerated.
To generate energy spectra during the persistent emission pre-burst phase we selected 10 sec stretch of data prior to the thermonuclear burst. To fit the energy spectrum different model combinations (available in XSPEC) is used (i) tbabs(bbodyrad+powerlaw), (ii) tbabs(bbodyrad+diskbb), (iii) tbabs(bbodyrad+powerlaw+gaussion), (iv) tbabs(nthcomp+gaussion) and (v) tbabs(nthcomp). We observed that the model [tbabs*(nthcomp)] is best fit (lowest reduced χ 2 ) to the persistent energy spectrum in 2-20 keV energy range. The hydrogen column density is fixed at N H = 4 × 10 22 cm 2 (Boirin et al. 2005) .
The burst energy spectra in a 3-20 keV energy band were fitted with the standard approach: a blackbody model consisting of two parameters, a temperature (kT bb ) and normalization along with the persistent emission component of the corresponding burst. The parameters of the persistent emission component were frozen during the burst spectra. These spectral components took into account the nature of the seed photons (represented by the inp-type parameter that is equal to 0 for blackbody seed photons). This approach was used to understand the evolution of blackbody parameters. The assumed blackbody emission well describes the burst spectra from the surface of the neutron star and comptonization emission from the extended ADC (Balucińska- Church et al. 2002) .
The unabsorbed bolometric flux (in the range 3-80 keV) was computed using the XSPEC function "cflux". The total flux varies uniformly. The blackbody radius also varies consistently and show positively Pearson correlation with kT bb. R bb is the blackbody radius and d 10 is the source distance in units of 10 kpc, R bb = [N × (distance) 2 /4πf lux] 1/2 is obtained at the minimum distance of the source at 10 kpc.
The emission radii were estimated from the blackbody normalization. All the observed fit parameters have been shown in multi-panel plots with incremental time segments of each of the six bursts, as shown in figure 8 . The first panel of each figure shows the variation in the count rate during the burst. The second panel shows the evolution of blackbody temperature. The third panel shows the total unabsorbed bolometric flux. The radius and reduced chi-squared shown in the fourth and fifth panel. The maximum temperature (kT bb ) observed in first X-ray burst is 3.05 +0.2 −0.32 keV. However, we noticed the lower value of kT bb was ∼1.25 keV; all other segments in all bursts kT bb are varied in these two values. The 11th segments of B4 burst were not a good fit resulting in poor chi-square of 2.7.
LAXPC-10
Burst-1 Segments Rate (count/s) kTin (keV) Flux × 10 −9 Radius (km) Chi-square 5 +5 Table 4 Fitting results of the bursts 1-3 of observations 4U 1323-62. Here we provide the total unabsorbed flux from 0.001 -100 keV in erg cm 2 s −1 .
DISCUSSION AND CONCLUSIONS
We present the analysis of the AstroSat/LAXPC observation of the neutron star 4U 1323-62. LAXPC's payload detected six thermonuclear X-ray bursts and two dips from the source. Each burst had a similar wait time between consecutive bursts except the gap observed between the bursts B3-B4 and B5-B6, which is nearly double the wait time of consecutive bursts. We produced the linear and quadratic orbital ephemerids to find the value of the orbital period is ∼ 2.65 to 2.70 h, this was compatible with previous estimations, as shown in table 1. Table 5 Fitting results of the bursts 4-6 of observations 4U 1323-62. Here we provide the total unabsorbed flux from 0.001 -100 keV in erg cm 2 s −1 .
The large effective area of the LAXPCs detector allowed us to generate the energy resolved burst profile at a higher energy band. We found that bursts were detected up to 20 keV. Above 20 keV, the LAXPC instruments showed a negligible count rate in the light curve of 4U 1323-62. However, the hard X-ray light curves during the bursts were found to be consistent with the pre-burst emission. We observed strong energy dependence of burst decay times. The increase in the energy with decreasing the burst decay time, suggests the cooling of burning ashes (Galloway & Keek 2017a) .
The low frequency quasi-periodic oscillations (LFQPO) are observed in the PDS of the accreting NSs, non-pulsating NSs, and from the BH binaries. The phenomena of QPO frequency (0.6-2.4 Hz) for atoll sources depend on the photon energy. The observed QPO frequency ∼ 1 Hz represents the highinclination system (Homan et al. 2015) . The occurrence of QPOs is due to the physical and geometric change in the accretion disk. The disturbance of the inner accretion disk is the reason for the emission matter from the boundary layer or the surface of the neutron star.
The state of the source was estimated by the normalization of components, which was highly variable during the bursts. During the soft state, the emission was from the accretion disc, and the harder one was from the boundary layer. Using our model, we investigated the constraints that can be obtained with the data of a much statistical precision than presently available. The bursts spectrum reasonably well described in the energy band 3.0 -20.0 keV by either a blackbody or power-law component. Timeresolved spectroscopy of the thermonuclear bursts indicated that the blackbody temperature varies from ∼3.0 to ∼1.0 as the burst's progress. The bolometric unabsorbed flux is found to decrease monotonically with the blackbody temperature during the thermonuclear bursts. To averaging all the values of flux, the mean flux for 4U 1323-62 was obtained i.e ∼ 1.80 × 10 −9 erg cm 2 s −1 .
We also performed the time-resolved spectroscopy of burst using the standard technique. The evolution of temperature and radius indicates the Photosphere Radius Expansion (PRE). The rising phase of the bursts suggested that the emission during the burst reached the highest limit, while the persistent emission was at the lowest limit. A large increase in the burst flux during the rising phase was seen in very few neutron star LMXB systems such as GRS 1741.9-2853, MXB 1658-298. Our analysis showed that the radius expansion phase persists for 10-30 sec, which was slowly increasing as compared to the increase in radius in other LMXB systems like 4U 1608-52 and 4U 1728-34 (Zhang et al. 2016) .
The radius of the blackbody was highly consistent with the flux of each segment of the bursts. We extracted the apparent radius between ∼ 96 km -∼ 40 km, under the assumption of an isotropically emitting spherical surface at a distance of 10 kpc. In our observations, it had been noticed that the flux continues to increase considering the maximum radii of the blackbody, such that total flux is strongly correlated with the radius.
